The Toronto Transplant Group has obtained consistent success with isolated lung transplantation in selected patients [1, 2] . The recipient operation is conducted in a way similar to pneumonectomy. Facilities for partial cardiopulmonary bypass are available, but are not used unless warranted by untoward intraoperative events that are otherwise difficult to treat. Most of the potential for such events is related to anaesthetic and surgical manoeuvres and their times of onset are predictable.
After 2 years of laboratory animal research into pulmonary preservation, using a model of canine unilateral pulmonary allotransplantation (McGregor, personal communication) and following the successful initiation of heart transplantation in Newcastle, it was decided to undertake a programme of lung transplantation.
CASE REPORT
A 43-year-old female, weighing 56 kg, and diagnosed as suffering from end-stage pulmonary fibrosis as a result of eosinophilic granuloma, was accepted into the programme for isolated, orthotopic lung transplantation. Therapy with steroids and cyclophosphamide had failed to halt the advance of the disease. The patient was breathless on minimal exertion, and required oxygen supplementation at rest. The results of cardiorespiratory assessment are shown in table I. In summary, these demonstrated mild restrictive pulmonary deficit, markedly reduced diffusing capacity, normal left and right ventricular function and increased pulmonary vascular resistance that was unaltered by pulmonary vasodilators. Her prognosis for survival in excess of 1 year was poor. She was started on a conservative regimen and a weight-reducing diet to improve her general health. By the time a suitable donor was found she weighed 50 kg.
SUMMARY

Anaesthesia
With the patient under light sedation with fentanyl 25 ug, droperidol 2.5 mg and midazolam 2.5 mg, and puncture site infiltration with lignocaine, a peripheral i.v. and radial arterial cannulae were inserted. A 16-gauge central venous cannula was also inserted via the antecubital fossa and an infusion of equine antithymocyte globulin was started through it. The patient's oxygen saturation was monitored continuously with a pulse oximeter sensing from a transducer attached to her left ear lobe.
Anaesthesia was induced with a bolus of alfentanil 1 mg, fentanyl 50 |ig, followed by etomidate 10 mg and vecuronium 10 mg. A size 37-gauge right-sided double-lumen tube was inserted to the trachea and right main bronchus. Both lungs were ventilated with 50 % oxygen and 0.5% enflurane in air. A triple-lumen catheter was placed in the right internal jugular vein and a sheathed thermodilution catheter placed in the left internal jugular vein with the tip sited in the main pulmonary artery.
A Servo Elema 900A ventilator was used with the ventilatory rate set to maintain the peak inflation pressure at approximately 20 cm H 2 O, and the minute volume adjusted to maintain normocapnia. A fractional inspired concentration of oxygen (Fi 02 ) of 0.5 maintained cutaneous oxygen saturation in excess of 90% when both lungs were being ventilated. An infusion of dopamine 3 ug kg" 1 min was started through one limb of the triple-lumen catheter, sodium nitroprusside 3 ug kg" 1 min through the second, and the third was utilized for monitoring central venous pressure. These latter drugs were used empirically: the dopamine for its effect on renal function, and the sodium nitroprusside to counteract pulmonary vasoconstrictive responses to anaesthesia or surgery.
An upper midline laparotomy was performed to mobilize omentum, which was delivered into the chest ready for wrapping around the bronchial anastomosis. While this procedure progressed the left limb of the double-lumen tube was clamped and the effects of one-lung anaesthesia assessed. Oxygen saturation remained unchanged and no untoward events occurred, therefore one-lung anaesthesia was continued for the rest of the procedure, the repositioning for thoracotomy, and the left pneumonectomy. The left lateral thoracotomy position was utilized for the pneumonectomy, and the left groin was prepared for surgery in case access to the femoral vessels for partial cardiopulmonary bypass proved necessary. Before pneumonectomy the left pulmonary artery was test clamped. This produced a steep increase in pulmonary artery pressures, which were maintained despite an increase in infusion of nitroprusside to 6 ug kg" 1 min. No other significant respiratory or haemodynamic events occurred at this juncture, therefore left pneumonectomy was carried out. Anaesthesia was maintained with enflurane in air with FI OJ = 0.5. Fentanyl and vecuronium were administered, as judged necessary, to total doses of 900 ug and 30 mg, respectively, for the 4.5 h of anaesthesia.
Soon after the thorax was opened it was noted that the thermodilution catheter lay in the leftsided superior vena cava. Because the tip was correctly sited, this did not give rise to problems of pressure measurement, but the anatomical anomaly restricted surgical access to the recipient's left atrium. The anastomosing of the donor pulmonary veins to the recipient left atrium and the donor pulmonary artery to that of the recipient proved awkward and it was felt essential that vascular junctions should be assessed before the bronchial anastomosis was embarked upon. When the vascular clamps were released a dramatic reduction in pulmonary artery pressure occurred, the donor lung was perfused preferentially and a large shunt occurred with oxygen saturations declining rapidly to 40%. A 7.5-mm cuffed tracheal tube was placed in the donor bronchus by the surgeon. This was ventilated periodically by the anaesthetist with manual pressure on a reservoir bag, attached to a separate oxygen supply, and connected to sterile plastic tubing that crossed into the surgical field to a catheter mount on the tracheal tube. In this way oxygen saturations could be increased as necessary during the critical phase as the bronchial anastomosis was being fashioned around the tracheal tube sited in the donor bronchus. Normal ventilation, through the left side of the double-lumen tube, was reinstituted on completion of this anastomosis.
Total operative blood loss, estimated from swab weighing and measurement of suction loss, was 200-300 ml. Intraoperative fluid replacement was restricted to 100 ml of crystalloid in the form of dextrose saline solution, and 400 ml of colloid as hetastarch.
At the end of the operation, a nasogastric tube and a urinary catheter were inserted and the double-lumen tube exchanged for an 8.5-mm orotracheal tube with a "Hi-Lo" cuff, before transfer to the intensive care unit for elective postoperative ventilation. Ventilation settings were similar to those used during anaesthesia, 5 cm H 2 O positive end-expiratory pressure was added and Fi Ot set at 0.5 in air. Dopamine and nitroprusside were continued in doses of 5 and 5 ug kg" 1 min, respectively. Twelve hours later clinical evidence suggested that ventilatory assistance was no longer necessary. The patient's trachea was extubated after spontaneous ventilation had been re-established satisfactorily with 30 % oxygen in air. Dopamine and vasodilator treatment were continued for a further 24 h. Fluid replacement was maintained strictly as low as that consistent with an adequate renal output with central venous pressure maintained at less dian 6 cm H 2 O and i.v. infusion at 1 ml kg' 1 h. There were no further serious respiratory problems. On the 14th day after operation the patient developed a fever and a small pleural effusion, and the fever recurred on the 16th and 21st days after operation. These three events, almost certainly indicative of rejection, responded to short courses of high-dose steroid therapy. Oxygen saturation (Fi Oi = 0.21) stayed in excess of 85% throughout the recovery period. The patient was discharged from the intensive therapy unit on day 3 after operation and from hospital, free of the need for supplementary oxygen, on the 35th day after operation.
DISCUSSION
Patients submitted for isolated lung transplantation are at most danger at three stages during the procedure. First as one-lung anaesthesia is commenced, second when the pulmonary artery of the lung to be excised is clamped, and third when the donor lung is perfused but not ventilated (DeMajo, personal communication). Abnormalities in recorded variables, shown in table II, occurred at each of these points in this patient.
Despite increasing minute ventilation at the onset of one-lung anaesthesia, the arterial partial pressure of carbon dioxide remained increased. This may have been a result of an inadequate number of alveoli for ventilation in the lung being used for anaesthesia. In the event it reached a plateau and no complications from this cause ensued.
Recorded pulmonary artery pressures at the time of clamping of the left vessel became grossly increased, reaching two-thirds of systemic values with a mean in excess of 50% of the mean systemic pressure throughout this phase of the operation. There is normally a significant increase at this stage of a pneumonectomy, but values as high as these have not been reported [3] . The patient appeared not to suffer any deleterious effects. Efforts were made to reduce pulmonary artery pressure with sodium nitroprusside, but as the right ventricle continued to function well and there was no increase in right atrial pressure, this was not increased further. It has already been realized that_ the key preoperative assessment before submission for lung transplantation by this method is that of right ventricular function. This patient had no detectable preoperative deficit and appears to have withstood the artificially induced sudden increase in pulmonary vascular resistance without detectable evidence of decompensation. Normally, left pneumonectomy is the operation of choice as it is technically easier [4] , but die presence of a left-sided superior vena cava in this patient led to an operative event that proved to be the most serious. Because of this, the sequence of surgery reverted to that used in earlier reported cases. Severe oxygen desaturation as a result of perfusion of the replacement lung before its ventilation leads to increased physiological shunting. Reclamping of the pulmonary artery, its partial clamping, or ventilation of die donor lung by a second system such a high frequency jet ventilation through a narrow-bore tube that traverses the transected main bronchus reduces die severity of die degree of desaturation (DeMajo, personal communication). Recommendations for the operative technique have now been altered so that, if possible and in those with normal anatomy, all anastomoses, vascular and bronchial, with the donor lung are completed before its full perfusion and ventilation are commenced.
As experience in the operation of isolated lung transplantation is still limited, some aspects of the conduct of anaesthesia in this patient were based on theoretical considerations; others were to some extent empirical. The use of air as carrier gas is known to reduce alveolar collapse because of the splinting effect of nitrogen, and avoids precipitating the shunt effects of ventilation with 100 % oxygen [5] . Nitrous oxide was avoided because it has been shown to increase pulmonary vascular resistance [6] . The use of a volatile agent, in low doses, was not avoided as the disadvantages in such surgery may be more theoretical than practical [7] .
Dopamine was used throughout the operation and into the postoperative period, but only in small, "renal", doses. This was for two reasons. The major problem of reimplantation is the inability of a transplant lung to handle excess fluid loads. Fluid restriction after operation and the maintenance of a good urine output are necessary. Poison and colleagues [8] have recently demonstrated the value of dopamine prophylaxis in orthotopic liver grafting. Following both lung and liver transplants, patients receive nephrotoxic drugs, such as Cyclosporin A, as part of their immunotherapy and it would seem logical, therefore, to ensure that the kidneys function optimally at a time of active fluid restriction.
The role of pulmonary vasoactive drugs remains to be elucidated. Workers in Toronto, Canada-the only centre in the world to report consistent success with this operation-use sodium nitroprusside (DeMajo, personal communication). Others, in the field of heart-lung transplantation, have reported the use of aminophylline [9] . Although it had been shown before operation in our patient that the increase in pulmonary vascular resistance was not reduced following administration of sodium nitroprusside, this drug was used empirically to reduce any undefined effects that anaesthesia or surgery may have had on pulmonary haemodynamics or systemic vascular resistance.
The patient is presently healthy and is living a normal life 6 months after the operation. Clearly, further experience is necessary to define the validity of the anaesthetic technique used for this operation.
